Fuel cells: Status and 
Technical/Economic Needs 
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Fuel cells 




♦ Reaction product is water 


Fuel cell benefits 



♦ Potential displacement of 800,000 barrels/day of petroleum. 

♦ Potential reduction of 1 ,000,000 tons/yr of criteria emission. 

♦ NOx, HC, CO 

♦ Potential reduction of 60,000,000 tons/yr of C02. 


Fuel cell types 
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♦ Potential for the highest power density 

♦ Potential microelectronics-like manufacture 

♦ o 2 - or H + conducting ceramics 


Fuel cell types 
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Used in space program 
Intolerant of C02 


Basic fuel cell mechanism - Proton exchange 



Electrolyte 



Basic fuel cell mechanism - O-ion exchange 



Electrolyte 








Why do we need fuel cells and alternative fuels? [11 
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Fuel cells will be commercialized. 

♦ They will improve America’s economic competitiveness. 

♦ The regions where they are produced will benefit economically. 



U.S. Energy Flow - 1 993 

Net Primary Resource Consumption 84 Quads 
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Other: wood, waste, photovoltaic, solar 


















Federal and State Issues 



nP 

o x 

CN 

c3 

JZ 

H— > 

TD 

CD 

c3 

TD 

c 

cd 


E 


C/2 

cd 

pC 



Vn 

cd 

O 


CO 


C/2 

CD 

o 

Vh 

o 

C/2 




cd 



o 

S-h 

CD 

N 

<D 

X) 



.S 

2 

o 

C/2 

C/2 

5-h 

cd 

o 



o W 
o N 

<N w 

C/2 



”0 

C 


cd 

oo 

ON 

ON 


CD 


o 

<d 

> 

OX) 

c 

2 

E 


cd 

• f-H 

• • 

g 


o 

£ 

4h 


2 

> 

U 

w 

(D 

N 

£ 


H— > 

c/3 

Cl, 

+-» 

O 

cd 


C/2 

cd 

o 

O 

H-> 

h-> 

CD 

00 

2 

g 

o 

*2 

c 

JZ 

o 

cd 

>> 



Oh 

2 

CD 

o 

s- 

cd 

C/2 

CD 

pO 

H— > 



c/2 

cd 

CD 


CD 03 
CD 

o 


cd 

T3 

C 

cd 

E 


<D 

Oh 



CD 


O 


c 


cd 

CD 

00 

<£ 

c 

s- 

cd 

<D 

J-i 

Oh 

00 

2 

c 

o 

> 

2 

u 

CD 


> 

-- 1 

!■■■■■< 

cd 

cd 

C 

c 

o 

o 

• 


~o 

• 

cd 

cd 

Ui 


H-> 


CD 

CD 

2 

2 

*> 

*> 

o 

o 



Oh 

Oh 

♦ 

♦ 


♦ Permit traditional refueling times. 

♦ Provide a power plant with a lifetime which equals that of 
the vehicle. 



Federal and State Issues 
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hydrogen for future transportation. 


Key fuel cell power system issues 
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Market entry challenges for fuel cells 



< Less difficult (cost tolersnt market) 

Unit power per dollar (Watts/$) 





Vehicle drive options 
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21 - 46 % 
efficient 






Series hybrid drivetrain schematic 



converter 





Comparison of energy storage devices 



Specific energy, Wh/kg 



We are developing high performance 
electromechanical batteries 
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Plus - solid-state power electronics 


Hydrogen hybrid electric vehicle 
Components and technologies 



Liquid hydrogen 




Hydrogen direct drive electric vehicle 
Components and technologies 
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Liquid hydrogen 



Evolution to fuel cell vehicles 
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SERC 4.0 kW FUEL CELL STACK 



'hatz Energy Research Center Humboldt State University Areata, CA 95521 











Ballard power Systems 5 kW PEM fuel cell stack - 1 993 
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PEM Fuel Cell Powered Transit Bus 

Zero Emission Vehicle (ZEV) 





Ballard Power Systems fuel cell powered 
bus commercialization plan 












What is needed for the United States to compete strongly 
with Europe, Japan and Canada in the fuel cell market? 
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